Currently, there is a significant increase in the number of elderly people worldwide and, consequently, an increased prevalence of chronic diseases, such as dementia. Dementia is a syndrome defined by cognitive decline and loss of autonomy 1 
.
The main cause of dementia is Alzheimer' s disease (AD), a chronic neurodegenerative disorder characterized by progressive and irreversible cognitive decline. The pathology is characterized by the presence of β-amyloid (Aβ) plaques and neurofibrillary tangles caused by hyperphosphorylation of the tau protein 2 . These processes have been used as biomarkers in cerebrospinal fluid, associated with functional neuroimaging, in order to provide a more accurate AD diagnosis 3 . Mild cognitive impairment (MCI) is a term used for individuals who have cognitive decline that is not enough to fulfill the diagnostic criteria for dementia, but which can be an intermediate stage between healthy cognitive aging and dementia. Patients with MCI are at a high risk to convert to dementia 4 . Vitamin D (VitD) is synthesized by the skin through exposure to sunlight, and a small portion comes from dietary sources. VitD signaling is mediated by the vitamin D receptor (VDR) 5 . The VDR gene is located on chromosome 12q13, presents 14 exons and covers 75 kb of genomic DNA. Single nucleotide polymorphisms (SNPs) in the VDR gene have been associated with alterations in gene function. Four variants have been more extensively studied, according to restriction enzymes used for their detection: FokI (rs10735810), BsmI (rs1544410), ApaI (rs7975232) and TaqI (rs731236). FokI and TaqI are located in exonic regions, while BsmI and ApaI are in intronic regions of the VDR gene. These SNPs are associated with an altered translation initiation site (FokI), altered protein function (TaqI) or expression (BsmI and ApaI) 6, 7, 8, 9 . The VDR is found in many cell types, including neurons and glial cells of the hippocampus, cortex and subcortical nuclei, which are essential for cognition 10, 11 . Some studies have investigated the association between VitD levels and cognitive decline, and most of them showed that adequate levels of VitD are associated with anti-inflammatory and antioxidant action, induction of neurotransmitter gene expression, regulation of neurotrophic agents and Aβ clearance 10, 12, 13, 14, 15, 16, 17 . Other studies have suggested that VDR gene polymorphisms could be risk factors for AD development, since those variants may decrease VDR affinity for VitD and may lead to neurodegeneration with an increased risk for cognitive decline. Gezen-Ak et al. 18 found that a specific haplotype of VDR gene (alleles of TaqI, ApaI, Tru9I, BsmI and FokI, respectively) was significantly higher in the AD group 18 . Łaczmański et al. 19 detected that ApaI polymorphism was a risk factor associated with AD in Lower Silesian patients. However, Khorram et al. 5 observed that ApaI and TaqI polymorphisms were not associated with the risk of late-onset AD in an Iranian population. Therefore, the relationship between VDR polymorphisms and AD is still controversial, and depends on the population studied.
The present study aimed to investigate the association between serum levels of VitD, measured by the 25-hydroxy vitamin D (25(OH)D) form, and polymorphisms in the VDR gene in a sample of patients with AD and MCI compared to a control group.
METHODS

Clinical samples
In this study, 32 patients with dementia due to AD, 15 with MCI, and 24 elderly individuals without objective cognitive and functional impairment (control group) were included, matched by age and sex, and selected from the Neurology and Geriatric units from the Hospital das Clínicas of the Federal University of Minas Gerais, Brazil, from 2015 to 2016. Participants underwent clinical, neurological examinations and neuropsychological assessment. The diagnosis of AD dementia was ascertained according to the National Institute on Aging and Alzheimer' s Association 20 . All patients with an AD diagnosis showed a cerebrospinal fluid biomarker compliant with the disease, with the Innotest Amyloid Tau Index < 1.0 pg/mL [(Aβ1-42/(240 + 1.18 x Tau)]. The MCI diagnosis followed the recommendations of Petersen et al.
21
. The control group had no history of neurological diseases and had performances in the Mini-Mental State Examination above education-adjusted cut-off scores, and Functional Assessment Staging Test < 3.
We did not include individuals younger than 50 years or older than 90 years, as well as patients with chronic kidney failure, autoimmune and liver diseases, cancer, current or recent infectious process (within the last four weeks), history of acute myocardial infarction (last six months), current use of anti-inflammatories (except acetylsalicylic acid) and anticoagulants, or dementia other than AD. Individuals who used supplements containing VitD six months before the sample collection were not included in this study.
This study was approved by the Ethics Committee of Federal University of Minas Gerais and all the participants or their legal representative signed the informed consent form. The study was also performed in accordance with the 1964 Declaration of Helsinki and its later amendments.
The Body Mass Index (BMI) was measured by weight in kilograms divided by the square of the height in meters (kg/ m 2 ). Waist circumference was measured between the lowest ribs and the iliac crest, as recommended by World Health Organization and International Diabetes Federation
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.
Laboratory tests
Molecular analysis
Genomic DNA was extracted from whole blood samples collected in EDTA using the BioPur ® Mini Spin kit (Biometrix ® ). The VDR gene polymorphisms (rs10735810, rs1544410, rs7975232, rs731236) were identified through PCR, followed by digestion with restriction enzymes FokI, BsmI, ApaI and TaqI and, subsequently, 6% polyacrylamide gel electrophoresis, stained with silver nitrate 23 . The APOE genotyping (rs429358 and rs7412) was also performed by PCR, followed by enzymatic digestion with HhaI and electrophoresis in 12% polyacrylamide gel, stained with silver nitrate, as previously described by Hixson and Vernier
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Biochemical analyses
Blood samples were centrifuged at 3,000 rpm for 15 minutes. Serum and plasma samples were stored at -80°C until analysis.
Quantification of 25(OH)D in EDTA plasma was performed according to the methodology described by Hymøller and Jensen with an A18 column 25 . The assay is capable of detecting 25(OH) D2 and 25(OH)D3. The methodology consists of liquid-liquid extraction of plasma 25(OH)D, in an alkaline medium, after the saponification process and addition of the internal standard, 1α-hydroxyvitamin D3. The organic phase is brought to the extract under nitrogen atmosphere and heating. The extract is recovered with the mobile phase and analyzed by high performance liquid chromatography with UV detector. For the quantification of 25(OH)D, a calibration curve was constructed by the relative area (standard area/area PI) of the chromatographic peaks obtained as a function of the concentrations. The detection-limits obtained in the study were: 9.6 ng/mL for 25(OH)D3 and 10.6 ng/mL for 25(OH)D2. The linearity was 200 ng/mL for both metabolites. Plasma levels of 25(OH)D were classified as deficient when < 20 ng / mL, insufficient between 20 and 30 ng / mL and sufficient at > 30 ng / mL.
Statistical analysis
Statistical analyses were performed using the SPSS v.17.0 program. Normal distribution pattern was checked using the Shapiro-Wilk test. Parametric variables were presented as mean ± standard deviation, and nonparametric variables such as medians (interquartile range). Categorical variables were presented as percentages. Parametric variables were evaluated by the Student' s T-test to compare two groups, or ANOVA -post hoc/least significant difference (LSD) test to compare three groups. Nonparametric variables were compared by the Mann-Whitney test to compare two groups or the KruskalWallis test to compare three groups, followed by Bonferroni correction. Categorical variables were compared using the chi-square test followed by the residual test. The HardyWeinberg equilibrium was evaluated by the exact test in the GENEPOP software (available at: http://genepop.curtin.edu. au/genepop_op1.html). The analysis of VDR gene haplotypes was performed using Phase 2.1 software, considering only the haplotypes whose frequency was greater than 10% in the two groups. Correlation between two variables was performed by Pearson' s or Spearman' s tests. In all analyses, significant differences were considered when p < 0.05.
RESULTS
The clinical and demographic characteristics of each group are shown in Table 1 . Among the 71 participants, women represented 57.8% of the whole sample. No significant difference was observed regarding age and sex between the groups (p = 0.102 and p = 0.554, respectively). The control group had a higher BMI when compared with the AD group (p = 0.001), while mean abdominal circumference was lower in the AD group compared with the MCI and control groups (p = 0.044 and p = 0.002, respectively); however waist/hip ratios were not different between the groups (p = 0.158). Participants with a lower educational level (< 4 years) were more frequent in the control group, while those with higher schooling (> 9 years) were more frequent in the AD group (p = 0.007). A higher frequency of carriers of the APOE gene ԑ4 allele was also found in the AD group (p = 0.012) when compared with the MCI and control groups.
No (Table 1) . Even when 25(OH)D values were classified as deficient, insufficient, and sufficient (> 30 ng/mL), no difference was found (p= 0.405, Table 2 ). On the other hand, the deficient 25(OH) D status was more frequent in women (p = 0.042) ( Table 3) .
We also investigated whether 25(OH)D levels and VDR gene polymorphisms correlated with the BMI and abdominal circumference; however, no significant correlations were observed between these variables (p > 0.05). Likewise, when analyzing the relationship between 25(OH)D levels/polymorphism and the presence of the APOE ԑ4 allele, no correlation was observed (p > 0.05, data not shown).
All polymorphisms in the VDR gene were under the HardWeinberg equilibrium in the three groups studied (p > 0.025). When comparing allele and genotype frequencies, no significant difference was observed between the AD, MCI and control groups (all p > 0.05) ( Table 4 ). Haplotype analysis also did not show different frequencies between groups, as well as no difference was observed between 25(OH)D levels with any genotype (all p > 0.05, data not shown).
Considering that MCI can be considered a predementia stage of AD in many individuals, and cognitive impairment may actually be a continuum, the same analyses were performed considering a new classification, named cognitively impaired, in which patients with AD and MCI were grouped. The 25(OH)D levels were not different when comparing the cognitively impaired and control groups (p = 0.803), and did not show an association with VDR gene polymorphisms (p > 0.050, data not shown). However, a higher frequency of individuals with the GG genotype in the BsmI polymorphism and insufficient 25(OH)D levels (≤ 30 ng/mL) were observed in the cognitively impaired group (p = 0.023). Subsequently, more frequent AA and AG carriers with sufficient 25(OH)D levels (p = 0.016) were observed in the same group (Table 5) .
DISCUSSION
Our study found no significant difference in 25(OH)D levels or genotypic and allelic frequencies of the polymorphisms in the VDR gene between the AD, MCI and control groups. However, the BsmI polymorphism was associated with 25(OH)D levels in individuals with cognitive impairment (AD or MCI).
Concentrations of 25(OH)D did not differ significantly between groups according to our cross-sectional results. However, prospective studies have supported the hypothesis that cognitive decline in AD and hypovitaminosis D have a partially common pathophysiological pathway. According to these studies, VitD has neuroprotective actions, including clearance of Aβ, antioxidant and anti-inflammatory effects, avoiding calcium excitotoxicity, and presenting possible protection against the neurodegenerative mechanisms associated with AD 14, 26, 27, 28, 29 . Our results are supported by previous studies, which have not shown beneficial effects in prevention or improved cognition in AD, as well as not having observed an association between lower levels of VitD and a worse cognitive performance 30, 31 . Contradictory results may be due to several factors, including limited sample sizes, use of vitamin supplementation in some studies, cross-sectional design, difficulty in retrospective analysis of VitD intake and cognitive function, and lack of adjustment for confounders. In addition, studies that have shown an association between low levels of VitD and dementia may represent reverse causality, that is, VitD deficiency was a consequence and not a cause of dementia, since individuals with cognitive impairment may have had deficient food intake or reduced exposure to sunlight, which may have led to a reduction in VitD levels 32 . Also, Brazil is a tropical country, with easier exposure to solar radiation. Therefore, higher VitD levels are expected when compared to most studies from around the world 33, 34 . As previously described in other studies, we also found that VitD deficiency was more frequent in female participants 16, 28 . A meta-analysis showed that cohort studies of women with poor cognitive performance is associated with insufficient levels of VitD, whereas cohort studies of men did not show this association 29 . One hypothesis to partially justify this finding could be the fact that body fat in women is greater than in men. In this way, circulating VitD could be stored in adipose tissue and, given its lipophilic characteristics, would be less available in plasma. In fact, the mean BMI in females was 27.19 ± 5.00, and in males was 25.23 ± 4.85, with a tendency to a higher BMI in females observed when compared to the male group (p = 0.075).
The 35 demonstrated that individuals with the TT genotype for TaqI SNP showed a different response to VitD supplementation when compared with carriers of other genotypes (TC and CC).
The genotypic and allelic frequencies of the polymorphisms in the VDR gene did not differ between the three groups in the present study. Our results are in agreement with the studies of Khorram et al. 5 and LuedeckingZimmer et al.
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, who did not observe an association of these polymorphisms with AD in Iranian and Caucasian populations, respectively. However, some studies have reported the association of TaqI and ApaI polymorphisms with a potential risk for AD 37, 38 . Kuningas et al. 39 associated the TaqI and BsmI SNPs with cognitive decline and Łaczmaԑski et al. 19 related the A allele in ApaI polymorphism with the lowest susceptibility to AD. The heterogeneity of these results may be due to different ethnic origins and the degree of miscegenation in the populations investigated, different diagnostic criteria for dementia, as well as other genetic or environmental factors that act in synergisms with the VDR gene SNPs.
We also investigated the influence of VDR gene polymorphisms on 25(OH)D serum levels, combining cognitively impaired participants (AD+MCI), and found a significant association between insufficient levels of 25(OH)D and the GG genotype of the BsmI polymorphism. When comparing the frequency of the GG versus AA and AG genotypes, the association with insufficient concentrations of 25(OH) D was maintained, suggesting that the BsmI polymorphism, which regulates the expression of the VDR protein, may modulate the levels of 25(OH)D in MCI and AD patients. On the contrary, Agenello et al. 8 found this association with Fokl polymorphism in patients with multiple sclerosis, but not with BsmI polymorphism. The heterogeneity of these findings could be related to different ethnic origins of the study groups (multiple sclerosis patients from Sicily versus a population with cognitive impairment from Brazil), or to the degree of genetic admixture of the population investigated (Brazilian: Amerindian, African and Caucasian miscegenation). Although genetic VDR polymorphisms are a determinant of the VitD status, they act together on other genetic and environmental factors, which are influenced by sun exposure and diet.
This study has several limitations. We had a small sample size. Therefore, as discussed previously, the apparent discrepancy between studies investigating VDR gene polymorphisms and dementia, results from ethnic differences as well as from interactions with other genetic or environmental factors involved in the pathogenesis of AD. In addition, the polymorphisms selected in our study do not provide complete coverage of the SNPs present in the VDR gene, so we cannot rule out that other genetic variants of VDR may be associated with increased AD susceptibility. However, our results suggest that the BsmI polymorphism is related to plasma levels of 25(OH)D in the cognitively-impaired group.
Although our study has limitations, the results generated are important to open up new perspectives for a better understanding of the mechanisms involved in VitD in cognition, as it suggests that BsmI polymorphism in the VDR gene is associated with 25(OH)D in individuals with cognitive decline. Our results emphasize the need for further studies involving larger cohorts and longitudinal long-term studies, with VDR gene sequencing to investigate all possible genetic variants.
